A production method of a GaN-based compound Semicon ductor having excellent crystallinity and a GaN-based Semi conductor device produced therefrom. A discrete SiN buffer body is formed on a substrate, and a GaN buffer layer is formed thereon at low temperatures and a GaN Semicon ductor layer is then formed at high temperatures. By forming the discrete SiN buffer body, the crystal growth, which is dependent on the substrate, of the low-temperature buffer layer is inhibited and monocrystallization is promoted to generate Seed crystals used at the time of growing the GaN buffer layer. Further, by forming SiO discretely between the substrate and the SiN buffer body or by forming InCaN or a Superlattice layer on the GaN Semiconductor layer, distor tion of the GaN semiconductor layer is reduced. 
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-5 O piyy (.50 (25 Digital instruments NanoScope (ii) Description of the Related Art Gallium nitride-based Semiconductors are widely used in luminous devices Such as LEDs, and in other applications. In production of GaN Semiconductors, a blue laser which is operable continuously over 10,000 hours at room tempera ture has been reported (S. Nakamura et al., Apply. Phys. Lett.72, 211 (1998) ) for growing GaN on a sap phire Substrate by using an ELO (Epitaxially Laterally Overgrown) method. In the ELO method, a GaN layer of Several microns is formed on the Sapphire Substrate and an SiO, mask is formed in the form of stripes in the <1100> direction of GaN. SiO formed in the form of stripes has an opening ratio of about 2:1. GaN is caused to grow again in a perpendicular direction from the openings of the SiO, mask, after which GaN is caused to grow in a horizontal direction So as to cover the SiO, thereby forming a con tinuous GaN layer. Thus, the dislocation density of the GaN layer covering the SiO2 mask is reduced and a luminous device having the above properties is obtained.
However, in this ELO method, a reduction in dislocation density occurs only at the portions of the GaN layer where the SiO, mask exists, and only these portions exhibit good properties.
Meanwhile, in View of lattice mismatching between Sap phire and GaN, it has also been proposed that a GaN or AlN buffer layer be grown on a Sapphire Substrate at low tem peratures and then a GaN or GaAlN layer or the like be grown on that buffer layer. For example, Japanese Patent Application Laid-Open No. Hei 4-297023 discloses that a GaAlN buffer layer is caused to grow on a Sapphire Substrate at low temperatures and then a Semiconductor layer Such as GaN is further formed.
However, even in this method, high dislocation density occurs in the low-temperature buffer layer, So that high dislocation density also occurs in the GaN or GaAlN layer formed thereon. This is not Satisfactory in obtaining a luminous device that is operable continuously over a long period of time.
SUMMARY OF THE INVENTION
Among the objects of the present invention are to provide a method which enables relatively simple reduction of dislocation density of a GaN-based compound Semiconduc tor to a level at least that resulting from the ELO method, and to provide a GaN-based compound Semiconductor device having low dislocation density. To achieve the above objects, the present invention relates to a method for producing a GaN-based compound Semiconductor, which comprises the steps of (a) forming a buffer body discretely on a substrate, (b) forming buffer layer on the buffer body, and (c) forming a GaN-based compound Semiconductor layer on the buffer layer.
One aspect of the present invention further includes a step of forming a crystal nucleus generation-inhibiting layer discretely on the Substrate prior to the step (a). Further, in the present invention, the step (a) can also be expressed as a step of forming a buffer body having multiple pores on a Substrate.
Still further, in the present invention, the Step (a) may also be a step of feeding SiH and NH to a substrate. In one aspect, the amounts of SiH and NH to be fed are such that an Si compound is formed in the form of islands on the Substrate.
In the present invention, when a buffer layer is formed on a Substrate (at relatively low temperatures) and a GaN-based compound Semiconductor layer is further formed thereon, it is possible to reduce the dislocation density of the GaN based compound Semiconductor layer formed on the buffer layer if the dislocation density of the buffer layer can be reduced. The present inventor has found that by forming a buffer body discretely on a substrate, by forming a buffer body having multiple pores on a Substrate, or by forming a buffer body in the form of islands on a substrate, buffer layer crystal growth, which is dependent on the Substrate, is inhibited over the buffer body to suppress the occurrence of dislocations, and monocrystallization is promoted to gener ate Seed crystals of a GaN-based compound Semiconductor. More specifically, the buffer layer grows in a perpendicular direction from the pores of the buffer body formed discretely and, in time, the buffer layer grows in a horizontal direction so as to cover the buffer body. Growth of the buffer layer may be interrupted in the perpendicular direction from the pores, but not in the horizontal direction because the buffer layer is free from Substrate influence. By controlling the degree of discretion of the buffer body or the number of its pores, the degree of crystal growth in the horizontal direc tion can also be controlled.
In one embodiment of the present invention, a buffer body is formed when the temperature of a substrate is 900 C. or lower. When a buffer body composed of a material such as SiN is formed at a substrate temperature of higher than 900 C., the Surface of the Substrate is automatically nitrided, and the buffer body is inevitably formed on the surface-nitrided Substrate. It is well known that when GaN is formed on the surface-nitrided substrate, the quality of the GaN layer formed is adversely affected. Therefore, it is desirable that formation of the buffer body be carried out at temperatures at which the surface of the substrate is not yet fully nitrided, which are specifically 900° C. or lower, preferably 700° C. or lower, and more preferably 450° C. to 600° C.
In the present invention, a reduction in the dislocation density of the GaN-based compound Semiconductor may cause distortion in the grown GaN-based compound Semi conductor. When the GaN-based compound semiconductor is caused to grow directly on the Substrate, dislocation occurs. This dislocation alleviates the distortion of the GaN-based compound Semiconductor. Such distortion does not become noticeable when the thickness of the GaN-based compound Semiconductor layer is very Small, but when the distortion increases in proportion to an increase in the layer thickness, problems. Such as layer cracking may occur.
Thus, in the present invention, a crystal nucleus generation-inhibiting layer is formed discretely prior to the formation of the buffer layer, not only to reduce the dislo GaN-based compound Semiconductor grows from the por tions of the Substrate where the crystal nucleus generation inhibiting layer is not formed and, in time, the growing portions of the GaN-based compound Semiconductor pro ceed in a horizontal direction and meet one another So as to cover the crystal nucleus generation-inhibiting layer. At these meeting portions, the distortion of the GaN-based compound Semiconductor layer is alleviated.
Further, in the present invention, an InCaN layer or a Superlattice layer having a quantum well Structure is formed on the GaN-based compound Semiconductor layer, not only to reduce the dislocation density of the GaN-based com pound Semiconductor, but also to ensure the alleviation of its distortion. Because InGaN is not as hard as GaN, it can alleviate the distortion of the GaN-based compound semi conductor. Meanwhile, the Superlattice layer having a quan tum well structure can also alleviate the distortion of the GaN-based compound Semiconductor because it has large distortion due to lattice mismatching.
Further, the GaN-based compound semiconductor device of the present invention comprises a buffer body which is formed discretely on a substrate or a buffer body having multiple pores which is formed on a Substrate, a buffer layer formed on the buffer body; and a GaN-based compound semiconductor layer formed on the buffer layer.
In one embodiment of the present invention, this Semi conductor device has a crystal nucleus generation-inhibiting layer between the Substrate and the buffer body.
In another embodiment of the present invention, this Semiconductor device has an InCaN layer or a Superlattice layer having a quantum well Structure on the GaN-based compound Semiconductor layer. That is, a plurality of buffer bodies are discretely formed or a buffer body having a plurality of pores is formed. The SiN buffer body 12 is not formed on the pores 11; that is, the substrate 10 is exposed at these pores. The SiN buffer body 12 formed on the substrate 10 may be amorphous or crys talline and, in either case, exhibits the effect of inhibiting the crystal growth of the low-temperature GaN buffer layer 14 FIG. 3 . This growing crystal is a crystal whose orientation varies depending on the crystal orientation of the substrate 10. The crystal growth started from the gaps 12a and 12b of the SiN buffer body 12 starts in time to proceed in a horizontal direction and forms over the SiN buffer body 12. At this point, since the SiN buffer body 12 itself is amorphous, which means that it does not have specific crystal orientation, the portions of the GaN buffer layer 14 locating over the SiN buffer body 12 are not greatly influ enced either by the substrate 10 or by the SiN buffer body 12. Therefore, these portions of the GaN buffer layer 14 are apt to monocrystallize and are free from the occurrence of dislocation. Then, using these portions of the GaN buffer layer 14 as seed crystals, the GaN semiconductor layer 16 grows as shown by the arrows (b) in FIG. 3. As described above, in the present embodiment, the crystallinity of the GaN semiconductor layer 16 is improved by promoting the monocrystallization of the low-temperature GaN buffer layer 14 by using the SiN buffer body 12.
FIG. 4 shows a conceptual diagram of the production device for the GaN-based compound semiconductor of the present embodiment, and FIG. 5 shows a flowchart showing the production process. First, a Sapphire Substrate 10 is placed on a Susceptor 21 in a reaction tube 20 to heat-treat the Sapphire Substrate in an H atmosphere by heating it up to 1,150 C. using a heater 22. After the heat treatment, the temperature of the substrate is lowered to 500 C., a mixed gas of H and N is fed from a gas-introducing port 24 and introduced into the tube via a microporous member 25 having gas permeability, and a Silane gas (SiH), an ammo nia gas (NH) and H2 are fed into the tube from a gas introducing port 23 to form an SiN buffer body 12 (S101).
The flow rate of 7.5 ppm SiH diluted in H is 20 sccm, and that of 100% NH is about 5 slm. The SiN buffer body 12 S is desirably formed not at high temperatures over 900 C., but at low temperatures of 900° C. or lower, preferably 700° C. or lower, more preferably 450° C. to 600° C. (for example, 500 C. as have indicated in the present embodiment). When the ammonia gas and the Silane gas are brought into contact with the Sapphire Substrate 10 heated to temperatures over 900 C., for example, temperatures of 1,000 C. or higher, the surface of the Sapphire Substrate 10 is automatically nitrided, and the SiN buffer body 12 is inevitably formed on the nitrided surface. It is known that the quality of the GaN layer grown on the fully nitrided surface of the substrate is inferior to that of the GaN layer grown on the unnitrided Surface of the Substrate. It is assumed that this is because the Surface of the Sapphire (AlO) substrate is converted to AlN by Surface nitriding and the surface of AlN is an N surface (AIN has a structure in which aluminum and nitrogen are alternately arranged, and its outermost atom is nitrogen). GaN grown on the nitrogen Surface is inferior in layer quality to that grown on an Al or Ga Surface. Therefore, when forming the SiN buffer body 12, it is necessary to form the SiN buffer body 12 by bringing the ammonia gas and the Silane gas into contact with the Sapphire Substrate 10 at temperatures at which the surface of the substrate is not fully nitrided. Next, the feeding of SiH is stopped, and, with the temperature of the substrate maintained at 500° C., trimethyl gallium (TMG), NH and H2 are fed into the tube from the gas-introducing port 23 to grow a GaN buffer layer 14 (S102). The GaN buffer layer 14 is allowed to grow to a size of 20 nm in about 75 seconds. Then, the substrate 10 is heated to 1,075 C. using the heater 22 and TMG, NH and H are fed into the tube from the gas-introducing port 23 likewise to grow a GaN semiconductor layer (S103). That is, the method of the present embodiment differs from the method of the related art, which comprises the Steps of growing a GaN buffer layer on a substrate at low temperatures (of about 500° C.) and then growing a GaN layer at high temperatures (of not lower than 1,000 C), in that SiH and NH are fed to the substrate 10 to cause a reaction prior to the growth of the low temperature buffer layer. Table 1 shows the properties of the GaN semiconductor produced by varying the formation time of the SiN buffer body 12, that is, the amount of formation thereof. to FIG. 2 , and it is assumed that these openings or pores contribute to a reduction in dislocation density. That is, it is assumed that by having Such openings or pores on SiN, in other words, by forming SiN, not in the form of a continuous layer, but discretely or in the form of islands, the crystal growth of the low-temperature buffer layer in a horizontal direction is promoted, with the result of inhibiting the occurrence of dislocations.
Although SiN is used as the buffer body in the present embodiment, other materials that can inhibit the crystal growth of the buffer body, such as Si and SiO, can also be used.
Further, although GaN is used as the buffer layer in the present embodiment, GaAlN or AlN can also be used, and the thickness of the buffer layer can be made smaller than 20 nm. The same applies to the gallium nitride-based com pound Semiconductor layer, which means that GaAlN can be used in place of GaN.
In the present embodiment, when the GaN semiconductor layer 16 is formed in the manner as described above, dislocation density thereof is significantly reduced.
However, distortion remains in the GaN semiconductor layer 16, and in proportion to an increase in the thickness of the GaN Semiconductor layer 16, its StreSS also increases. In Some cases, the GaN Semiconductor layer 16 may be cracked.
Consequently, by the addition of another production Step, the reduction of the dislocation density and the alleviation of the distortion may be achieved simultaneously. When the buffer body 12, the GaN buffer layer 14 and the GaN semiconductor layer 16 are formed on SiO30 which has been formed as described above, these layerS grow from the openings of SiO30, that is, the portions of the substrate 10 which are devoid of SiO 30, start in time to grow in a horizontal direction so as to cover SiO 30, and meet the layerS growing out of other openings. At these meeting portions (one of which is shown by (a) in FIG. 9) , the distortion within the GaN semiconductor layer 16 is alleviated, whereby a good GaN semiconductor layer 16 which has low dislocation density and Small distortion can be obtained.
Other materials that are completely or almost free from the generation of crystal nuclei, Such as SiN and Si, can be used in place of SiO. is assimilated by the InGaN layer 32, whereby a device Structure which is free from cracking can be obtained.
The thickness of the GaN semiconductor layer 16 can be such that the layer 16 is not cracked by its distortion, which is, for example, about 0.1 to 3 um, while the thickness of the InGaN layer 32 can be set to be 0.001 to 1 lum. Further, the content of In in the InGaN layer 32 may be, for example, 0.02 to 0.5 wt %, preferably 0.05 to 0.2 wt %.
Further, a GaN or InCaN layer can be used in place of the AlGaN layer 34. can be formed at a substrate tempera ture of 400 C. to 1200° C., using silane gas and ammonia gas Supplied. After the formation of SiN buffer body 42, a GaN semiconductor layer 44 is formed again. Due to the presence of the SiN buffer body 42, dislocation density of the GaN semiconductor layer 44 can be reduced.
It should be noted that, although a SiN buffer body 42 is inserted into the GaN semiconductor layers 40, 44 only once, growth of the GaN semiconductor layers 40, 44 may be discontinued at more than two times, as necessary, So that a SiN buffer body 42 may be inserted every time of is not required as formation condition, and the layer 40 can be formed at a substrate temperature of, for example, 1000 C. or higher. Subsequently, growth of the GaN Semiconduc tor layer 40 is temporarily discontinued, and Silane gas and ammonia gas are introduced into a reaction tube to form SiN (S202). Silane gas and ammonia gas may be Supplied for a period of time long enough for the SiN to be formed discretely (a few seconds). After the formation of SiN, TMG, ammonia, and H2 are Supplied again to grow the GaN semiconductor layer 44 (S203).
Moreover, although SiN is used as the buffer body in the above embodiments, other materials that can inhibit the crystal growth of the buffer layer, Such as Si and SiO, can also be used.
Further, although GaN is used as the buffer layer in the above embodiments, GaAlN or AlN can also be used, and the thickness of the buffer layer can be made smaller than 20 nm. The same applies to the gallium nitride-based com pound semiconductor layer, which means that GaAlN can be used in place of GaN.
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